Background: Titanium dioxide nanoparticles (TiO2 NPs) were healthy well-known as a photocatalyst and it was extensively utilized for photocatalysed corrosion, sensor essentials, water distillation and had numerous other submission. Also, in food industry. However they also had poisonous result on animals uncovered to them. Objectives: we examined the probable ameliorative result for the two flavonoids morin and rutin which had apotent antioxidant activity, against TiO2 nanoparticles-induced toxicities in rat liver. Materials and methods: Albino rats (n =70, weight 150-200g) were divided into seven groups. Group (G1) (control), G2 (treated with morin 30 mg/kg), G3 (treated with rutin 80 mg/kg), G4 (toxic group that administrated orally with titanium dioxide nanoparticles 100 mg/kg), G5 (TiO2 NPs+ morin), G6 (TiO2 NPs+ rutin), G7 (TiO2 NPs+ morin+ rutin). The evaluated parameters included liver function markers, some minerals and electrolytes, antioxidant (superoxide dismutase SOD, catalase CAT and glutathione GSH) and oxidative stress malondialdehyde (MDA) biomarkers in addition to DNA fragmentation and histopathological examination of liver tissues. Results: These experimental study showed that a significant increase of serum ALT, AST, ALP activities. Also, serum potassium (K) and phosphorous (P) levels, hepatic MDA content, comet, tail length, DNA in tail and tail moment of DNA fragmentation were detected in TiO2 NPs (G4) group indicating liver damage which compared with control group (G1) but this parameters decreased significantly in morin (G5) or rutin (G6) when compared with toxic group (G4), in combination group (TiO2 NPs+ morin+ rutin) (G7) succeeded to decrease significantly in this parameters and returns to (G1). Also, our results showed that a significant decrease in total protein, albumin, sodium (Na), calcium (Ca) levels, glutathione (GSH) level, superoxide dismutase (SOD) and catalase (CAT) activities in toxic groups (G4) but succeeded to increase significantly in this parameters in G5, G6 and G7 in compared with control group and restore it. Conclusion: TiO2NPs oral Biochemistry letters, 14(13) 2019, Pages 167-185 administration induced toxic effects and DNA damage in the liver that may be attributable to oxidative stress.Also, administration of morin and/or rutin with TiO2NPs offers protection against their damaging effect.
Introduction:
Nanotechnology was measured as a extraordinarily confident knowledge in the field of molecular science that might use in therapeutic, cultivation industrial, manufacturing and armed forces part (1, 2). The titanium dioxide nanoparticles (TiO2 NPs) have been utilized in paints, plastics, papers, foundation and healthy skin yield like sunscreen cream as they extend out perceptible light less than TiO2 dye, while still given that UV safeguard and source less skin pain than other UV fascinating chemicals (3, 4). Although these NPs had anticancer properities against a number of cancer cells like creature hepatoma cells (5), they could likewise harm the usual in good physical shape cells after exposure via oral or respiratory route (6). Morin was one of the physically occurring bioflavonoids, formerly isolated from component of the Moraceae family (7), and in enormous quantities found in divergent herbs and fruits like onion, seed weeds, mill, fig, almond, red wine and osage orange (8, 9). Some pharmacological considered exposed that morin had antioxidant, antiinflammatory, chemoprotective, anticancer and anti-promotion material goods (10). Rutin, a citrus flavonoid glycoside current principally in buckwheat, also had antioxidant, antiallergic, anti-inflammatory, antiangiogenic, antiviral assets (11). It was utilized in a lot of pharmaceutical arrangements as an adjuvant for anticancer, antidiarrhoeal and myocardial defensive drugs (12).
The principle of the current learn was to examine the likely defensive result of actually happening antioxidants (morin and rutin) in titanium dioxide nanoparticles (TiO2 NPs) stimulated liver toxicity in rats via resolve of a few biochemical parameters in bloodmlike liver function tests and some minerals. Also, liver tissue of rats like oxidative stress and antioxidant markers as well as DNA damage and histopathological examination of liver tissue for results confirmation.
Materials and Methods:

Chemicals
Both morin and rutin were purchased from Sigma-Aldrich Chemical Co. (St Louis, Missouri, USA). Full characterized mixture of rutile and anatase TiO2 NPs purchased from Sigma-Aldrich chemicals Co. (St, Louis, MO 63103, USA). All chemicals were dissolved in distilled water.
Experimental design
A complete number of 70 adult male albino rats were housed in metal cages. Rats were put at steady ecological and dietary conditions during the time of experiment. The animals were left for two weeks (14 day) for acclimatization before start of the examination. The experimental study was approved by the Animal Ethical Committee of Faculty of Veterinary Medicine, Zagazig, and was in accordance with its rules. The dose was chosen by WHO in 1969. That LD50 of TiO2 for rats is over than 12,000 mg/kg body weight (b.w) after orally administration (13). The dose of 100 mg/kg (b.w) of TiO2 NPs was chosen for the present study and orally administrated to rats every day. Animals were separated into seven groups (10 rats per group): Group 1 (G1): Rats were orally administrated with normal saline each day for 4 weeks.
Group (2):
Rats were orally administrated with morin at a dose of (30 mg/kg) for 4 weeks daily (14).
Group (3): Rats were orally administrated with rutin (80 mg/kg b.wt/day) daily for 4 weeks (15).
Group (4): Rats were treated orally with TiO2 NPs (100 mg/kg b.wt/day) for four weeks (16).
Group (5): Rats were treated orally with TiO2 NPs (100 mg/kg b.wt/day) followed by morin (30 mg/kg b.wt/day) for four weeks.
Group (6):
Rats were orally administrated TiO2 NPs (100 mg/kg b.wt/day) followed by rutin (80 mg/kg b.wt/day) for four weeks. G (7): Rats were treated with TiO2 NPs (100 mg/kg b.wt/day) for four weeks followed by morin (30 mg/kg b.wt/day) and rutin (80 mg/kg b.wt/day) according to the same doses and routes of previous groups for four weeks.
Sampling
At the end of experimental period (4 weeks) blood samples were collected from all animals of all studied groups before killed them by puncturing reteroorbital venous plexus located at the media canthus of the eye in dry, clean wserman tubes and incubated for 10 min in water bath at 37 0 c fro clotting then centrifuged at 3000 r.p.m for 15 minutes and then serum collected in Eppendrof's tubes using automatic micropipettes for measurement serum (ALT, AST, ALP, total protein, albumin, total bilirubin, direct bilirubin) and minerals (calcium Ca, phosphorous P, sodium Na, potassium K)
Liver tissue specimens
Rats were killed by cervical decapitation and livers were dissected out from all animal groups then divided into 3 parts.
• For biochemical analysis (antioxidant and oxidative stress biomarker), liver samples rinsed in cold physiological isotonic saline (0.9% NaCl) to remove contaminated blood. To obtained 10% homogenate; 1 gm of tissue sample was sliced and homogenized in 10 ml physiological saline using electric homogenizer. The homogenate was centrifuged at 3000 r.p.m for 15 min. The clear supernatant was obtained for determination of MDA, GSH concentration, SOD, catalase activities.
• For determination of DNA damage using comet assay to follow up changes in comet %, Tail Length (px), %DNA in Tail, Tail Moment. liver tissues were taken from rats and put in saline contained (1ml) eppendrof′s tubes then put in -80 0 c deep freezer to make snap-freezing of tissue and minimize action of endogenous RNase and small parts of liver were cut then put them in Eppendrof′s tube. • For histopathological examination, where small pieces of liver were cut and fixed in 10 % neutral buffered formalin solution.
Biochemical Analysis
Serum activity of ALT & AST were determined according to the method (17) and serum ALP was determined according to the method (18) using a commercial kit supplied by ELITech. Total Protein was determined according to the method (19) using commercial kit supplied by Diamond, Egypt, albumin was determined according to the method (20) using commercial kit supplied by Spectrum, Spain, Egypt and Bilirubin was determined according to method of (21) using commercial kit supplied by Diamond, Egypt. Comet Assay is a technique for quantitating DNA damage and repair in eukaryotic cells and some prokaryotic cells.
In this technique cells were embedded in low melting point agarose (LMP), plated onto microscope slides, were destroyed with detergent and high salt to form immobilized nucleoids contained supercoiled loops of DNA linked to the nuclear matrix. Single or double stranded breaks in DNA, by action of damaging agents or conditions, may cause to loss of supercoiling and DNA fragments freed from the nuclear matrix. When put in an electrophoretic field, these uncoiled strands and fragments of DNA migrated across the agarose and extend toward the anode. Cells with DNA break down present a comet like appearance, with a nucleoid head and a streaming tail. Fluorescent intensities abbeared in the structures are proportionate to the quantities of DNA present. Cells without DNA damage, showed up essentially as roughly round fluorescent nucleoid heads with no tail.
Briefly, 75 µl of each treated aliquot was mixed with low melting point agarose (LMP) at 0.7% and was put on glass slides treated with normal melting agarose (0.5%) at 1%. After 30 min, another layer low melting agarose (LMP, 0.7 %) was added. The slides were treated with lysis buffer (NaCl 2.5M, Na2EDTA 0.1M, Tris-Base 0.4M, TRITON X-100 1%, dimethyl sulfoxide (DMSO) 10%, pH 10) and were enzymatically digested with proteinase K (0.5 µg/L). Then, the slides, previously washed with a neutralizing solution, were put on alkaline unwinding for 10min in a basic solution (NaOH 10 N, EDTA 200 mM, pH 12.1) and experienced electrophoresis (25 V, 300 mA, 20 min). Finally, the slides were fixed in cold methanol, stained with ethidium bromide and observed by a fluorescence microscope with ×60 magnification (Nikon Eclipse E-600, Nikon Corporation Tokyo, Japan) equipped with band pass (BP) 515-560 nm and long pass (LP) 580 nm filters. The pictures were obtained by methods for the Komet program version 6.0.0 (Andor Technology, Belfast, United Kingdom). The parameter considered was level of damaged DNA present in the comet tail (%Tail DNA).
Histopathological examination
Samples were then immersed with molted paraffin wax, then embedded and blocked out. Paraffin sections (4-5 um) were stained with hematoxylin and eosin, (29).
Statistical analysis
All the data were expressed as means ±SE. The statistical significance was evaluated by one-way analysis of variance (ANOVA) using SPSS, 18.0 software, 2011 and individual comparisons were obtained by Duncan's multiple range test (DMRT). Values were considered statistically significant when (p<0.05) (30).
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Results:
Effect of morin and/or rutin administration on liver function tests in TiO2 NPs intoxicated rats.
Our obtained results revealed that administration of TiO2 NPs (G4) led to significant increase of serum ALT, AST, ALP activities and total bilirubin level in compared to control groups (G1-G3) ( Table 1 ). In contrast, administration of morin (G5) and rutin (G6) each alone or in combination (G7) led to significant decrease of these liver markers to a limit comparable to that of the control groups (G1-G3) ( Table 1) .
The present study also showed that oral administration of TiO2 NPs (G4) resulted in a significant decrease in serum levels of total protein and albumin as compared to control groups (G1-G3) ( Table 1) . This toxic effect was reversed after giving morin and/or rutin. by increased total protein and albumin level in serum of treated rats. Effect of TiO2 NPs administration on serum minerals and possible protective effect of morin and/or rutin A significant increase in levels of serum K and P and significant decrease in Na + and Ca serum levels were observed in TiO2NPs-treated group (G4) as compared to the controls (G1-G3). Combined administration of morin and/or rutin with TiO2NPs caused a significant decrease in K + and phosphorous (P) levels and a significant increase in Na + and Ca levels as compared to G4 Table 2 ).
Effect of morin and/ or rutin administration on liver MDA and GSH concentrations, SOD and CAT activities in TiO2 NPs-treated rats
In the present study, rats treated with TiO2 NPs exhibited a significant increase in liver content of the lipid peroxidation marker, MDA and a significant decrease in GSH level and the antioxidant activities of SOD and CAT as compared to control groups (G1-G3). Treatment with morin and/or rutin significantly attenuated lipid peroxidation and restored values of antioxidant GSH, SOD AND CAT in comparable to that of control groups (Table 3) . Effect of morin and/ or rutin administration on DNA fragmentation induced by TiO2 NPs. Comet assay results revealed a significant increase in DNA percentage damage, tail length, tail moment in liver tissues nuclei of TiO2 NPs-treated group as compared to the three control groups. On the other hand, administration of morin and/or rutin along with TiO2 NPs significantly lowered DNA damage as revealed by reduction in the level of DNA tail percentage damage, tail length, and tail moment (Table 4 ) ( Figure 1& 2). . Figure 4 showed the histopathological changes in rats liver tissues. In control groups (G1-G3), liver sections showed normal hepatic parenchyma with preserved lobular pattern, portal triads structures, vascular tree, kupffer cells and stromal component ( 
Effect of morin and/ or rutin administration on liver histology
Discussion
Nanoparticles differ from that of the fine particles as regard physicochemical properties. They have smaller size, large number of atoms on their surface and different surface characteristics, as level of energy. These differences attract more attentions to study adverse effects of nanoparticles (31). Titanium dioxide nanoparticles (TiO2 NPs) were highly applied in high number of fields as resistance to corrosion, few cost, whitening agent, in cosmetics, pharmacy and medicine. Their tremendous use is because of their biocompatibility, photo catalysis and ease of obtaining in nano sizes (32). Presentation to TiO2 NPs can be happened by all routes, including inhalation, ingestion, diverse skin applications, and injections. After absorption, they were appropriated to various organs of the body as kidneys, liver, lungs, brain, and lymphatic organs produced toxic effects on these organs (33). Oral administration is related to when evaluated the danger of food additives, pharmacological parameters ADME (absorption, distribution, metabolism, and excretion) are frequently done with IP administration as the biochemical mode of presentation. So we have settled on this route of administration as possible utilized in toxicological studies performed on TiO2 NPs (33) . The liver is the huge distribution organ due to its high blood irrigation and the phagocytosis of NPs by Kupffer cells (33). The aim of this study was investigate hepotential toxicity of titanium dioxide nanoparticles and to evaluate the possible role of morin and rutin in amelioration these toxic effects.
Our obtained results revealed that administration of TiO2 NPs (G4) led to significant increase of serum ALT, AST, ALP activities and total bilirubin level in compared to control groups (G1-G3) ( Table 1) . This indicates liver damage in G4 rats and suggests possible hepatic toxicity induced by TiO2 NPs. Most nanoparticles tend to accumulate in the liver (34) and lead to liver damage or injury This in agreement with who reported that high doses of TiO2 NPs significantly increased the same parameters (35-37). In contrast, administration of morin (G5) and rutin (G6) each alone or in combination (G7) led to significant decrease of these liver damage markers to a limit comparable to that of the control groups (G1-G3) ( Table 1) . This suggests a possible ameliorative effect to these two flavonoids against liver toxicity induced by TiO2 NPs. Morin had been appeared to diminish liver harm, prevent the escape of liver enzymes through keeping up of cell membranes integrity (38, 39) .
The present study also showed that oral administration of TiO2 NPs (G4) resulted in a significant decrease in serum levels of total protein and albumin as compared to control groups (G1-G3) ( Table 1) .
This also indicates liver damage and loss of function. Again this toxic effect was reversed after giving morin and/or rutin. Similarly, rutin improved the liver damage as revealed by reduction of total protein and albumin level in serum of intoxicated rats (40). A significant increase in K + and phosphorous (Ph) serum levels and a significant decrease in Na + and Ca serum levels were observed in TiO2NPs-treated group (G4) as compared to the controls (G1-G3, Table  2 ). Combined administration of morin and/or rutin with TiO2NPs caused a significant decrease in K + and phosphorous (Ph) levels and a significant increase in Na + and Ca levels as compared to G4. In support to our Biochemistry letters, 14(13) 2019, Pages 167-185 findings, (41) reported that TiO2 NPs showed huge diminishing in Na, K-ATPase activity and a significant increase in Ca-ATPase activity. Moreover, (42) also found that morin can significantly increase Na and decrease K. On the other hand, rutin-treated groups displayed a critical expanded Na concentration after doxorubicin treatment (43).
In the present study, rats treated by TiO2 NPs caused a significant increase in liver content of the lipid peroxidation marker, MDA and a significant decrease in GSH level and the antioxidant activities of SOD and CAT as compared to control groups (G1-G3) ( Table 3 ). In consistent with our data, several previous studies on toxicity of TiO2 NPs showed the same results were found the production of an ROS following introduction to TiO2 NPs was because of the decrease of SOD activity and GSH-PX and to the increase of MDA levels. Mice which orally administrated to TiO2 NPs observed upregulated 8-hydroxyl deoxyguanosine (8-OHdG) level and DNA damage in the liver. In addition to the ROS production increased, along with the inhibition of antioxidants levels. MDA values were increased in liver and kidneys tissues which may led to cell apoptosis. Study showed that the level of ROS in liver and kidney tissur cells of mice for increased Nrf2. Nrf2 is the master regulator for expression of different antioxidant genes (44, 45). Moreover, Similar to our outcomes, (38, 39) found that treatment with morin significantly (p<0.05) decreased MDA and restored levels of antioxidant enzyme glutathione to levels close to that of control groups. Similarly, administration of rutin prompted a critical rise in SOD, CAT activities and GSH level and a significant reduction in MDA level (46).
Comet assay results revealed a significant increase in DNA percentage damage, tail length, tail moment in liver tissues nuclei of TiO2 NPs-treated group as compared to the three control groups (( Table 4 , Figures 1&2) . On the other hand, administration of morin and/or rutin along with TiO2 NPs significantly lowered DNA damage as revealed by reduction in the level of DNA tail percentage damage, tail length, and tail moment. These results are in agreement with (44) who showed TiO2 NPs exposure produced DNA damage in liver cells. Other studies also revealed that TiO2 NPs can cause mutation statistically significant loss of sperm DNA integrity after half hour of exposure by comet assay (47). The DNA damage might be because of point mutations and/or DNA rearrangements; loss of bands. The disappearance of bands may be due to the formation of DNA adducts or double-strand breaks morever. Those molecular events were related to increased ROS formation (48). In contrast, some others researchers did not confirm the genotoxic effects of TiO2 NPs (49-51). On the other hand, (40) likewise found that administration of rutin significantly decreased DNA damage in a dose dependent way in rat treated with (KBrO3) as compared to the control group. Figure 3 showed the histopathological changes in rats liver tissues. In control groups (G1-G3), liver sections showed normal hepatic parenchyma with preserved lobular pattern, portal triads structures, vascular tree, kupffer cells and stromal component ( Fig.4G) (X300) . Notably, the co-treated group showed normal hepatic parenchyma with round mononuclear cells infiltration in some examined sections (closed arrow, Fig.4H ) (X300).
Similar to our findings (44). Also, showed that TiO2 NPs caused congestion and lymphocytic aggregation. In addition to that, (52) documented that TiO2 NPs also caused fibrosis around the central vein where TiO2 NPs always aggregated. In opposite, administration of morin reduced the severity of the harm in the hepatocytes and preserves the structural integrity of the liver by virtue of its antioxidant properties (38). Similarly, treatment of rutin showed a significant restoration of the hepatic lesions and architecture of the liver following intoxication (53).
Conclusion
Morin and/or rutin could improve the damaged liver tissues and the associated disrupted function that induced by TiO2 NPs toxicity. The results suggest that morin and rutin may be appropriate for clinical application in the treatment of liver disorders induced by TiO2 NPs toxicity and the use of TiO2 NPs should be conjugated with flavonoids to overcome their hepatotoxic effect.
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